Caught! Crystal trapping of a side-on peroxo bound to Cr(IV) † The study of metal-dioxygen, peroxo and oxo adducts has attracted considerable attention as such metal-activated oxygen species have emerged as the common precursors and active oxidants in a wide range of biological and non-biological oxidation systems. [1] [2] [3] [4] [5] The majority of first row transition metals are represented as co-factors in enzymes and proteins. However, in spite of its rich redox chemistry, reasonable availability and oxophilicity, chromium is by large absent in the natural world. Instead, it is generally considered a cell toxin capable of causing damage to DNA and RNA, through both oxidative mechanisms and adduct formation. 6, 7 Several molecular Cr(V)-oxo complexes have been reported in the literature over the last 40 years, [8] [9] [10] [11] [12] [13] whereas only a handful adduct. 22 The instability of such high-valent iron and manganese complexes makes their structural characterization especially difficult. The isolation of more stable structural analogues based on earlier first row transition metals is a potentially fruitful strategy for gleaning structural information on such intermediates.
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Here we describe the structural trapping of a catalytically competent Cr(IV)-peroxo adduct formed from the reaction of a Cr(III) precursor with H 2 O 2 .
[Cr (1) is prepared in aqueous solution from the reaction of chromium(III)-nitrate with the sodium salt of the ligand, followed by crystallization as a diperchlorate salt. The X-ray crystal structure shows that tpena À coordinates through all six donor atoms. The Cr(III) atom displays a particularly irregular octahedral geometry, Fig. S1 (ESI †), most notable being an extremely obtuse N1-Cr-N5 angle of 115.40 (4) suggests either of the isomeric species: a triplet Cr(III)-superoxo system consisting of a Cr(III) center anti-ferromagnetically coupled to a O 2 À radical, or a triplet Cr(IV)-peroxo system. A Cr(III)-hydroperoxo adduct was ruled out, since this formulation would give rise to a simple 3/2 system presumably with a spectrum similar to that obtained for 1, Fig. S5 (ESI †). The presence of a band at 878 cm
À1
in the resonance Raman spectrum of the purple solutions, Fig. 2(a) and Fig. S8 (b) (ESI †), (full spectrum) identifies the species unambiguously as a peroxo, rather than a superoxo complex. 24 Consistently the IR spectrum of an EPR silent solid precipitated with diethyl ether-dioxane shows a strong sharp absorption at 871 cm À1 not seen in IR spectrum of 1, Fig. 2 Over the course of a day at 4 1C the starting material was replaced by plates of the purple peroxo complex. Bubbles of O 2 were observed to slowly emerge from both the solution and the surface of the crystals. The X-ray crystal structure, Fig. 3(a) , shows that the peroxide is coordinated to a seven-coordinate Cr-centre in a side-on fashion, and charge balance dictates that the cation is a Cr(IV) species. As anticipated one methylpyridyl arm is uncoordinated and protonated. The distance between Scheme 1 Interrelationship between tpena À complexes of Cr(II), Cr(III) and Cr(IV), including a mechanistic proposal for the catalytic decomposition of H 2 O 2 . Fig. 1 Aqueous UV-Vis spectra of 4 mM 1 (red line), 3.7 mM 4 (violet line, generated in situ from 1 and 200 eq. H 2 O 2 ) and 3.6 mM 3 (blue line, generated in situ from 1 and 50 eq. NaOH). The unusually large number of H 2 O 2 molecules in the crystal lattice, and their disorder, suggest that these might be rather mobile guests. Thus we conclude that a ''crystal trapping'' of the reactive 4 is made possible because it is surrounded by substrate that is taken up in the solid state, selectively, from solution. A calculation of the pore dimensions after in silico removal of the H 2 O 2 molecules reveals about 16% pseudo void space. These voids lie predominantly between internal lamellar surfaces with the coordinated peroxo ligands lining the surface of these sheets, Fig. 3 26 It is noteworthy that a greater number of ligand decomposition products are observed in Fig. 4(b) . On the basis of the electronic and geometrical structure of 4, the gas phase experiments through which various Cr(II), Cr(IV)-peroxo, Cr(IV)-oxo, and Cr(V)-oxo species are observed, we propose in Scheme 1, a catalytic acid-base type cycle for the relatively slow disproportionation of H 2 O 2 . The cycle is similar to mechanisms proposed for heme catalases. 27 Indeed the possible involvement of a second coordination sphere basic pyridine to aid proton transfers is reminiscent of the role of the proximal histidine in peroxidases. The species 
